To present the surveillance data on Brucella melitensis, B. suis, and B. ovis infection in cattle, sheep, goats, and swine in Croatia obtained in 2008 by serological, bacteriological, and molecular methods for diagnostics of brucellosis in domestic animals.
Brucellosis is a chronic infectious disease caused by bacteria of the genus Brucella that affects animals and humans. Each species of Brucella has their preferred host: B. abortus infects cattle, B. metitensis sheep and goats, B. suis swine, B. canis dogs, and B. ovis sheep, although they can also infect other animals (1) . Brucellosis in sheep and goats is endemic in the Mediterranean region but is spread throughout Asia, Africa, and Central and South America (2, 3) . Along with tuberculosis and rabies, brucellosis is the most important bacterial zoonosis and remains an important public health and economic concern.
With the exception of B. ovis and B. neotomae, all Brucella species can cause infections in humans. New Brucella species pathogenic for humans -B. ceti and B. pinnipedialis -have recently been discovered in marine mammals (4) . Infection is transmitted to humans though direct contact with the infected animals or by consuming infected milk or fresh cheese (1) .
In Croatia, brucellosis in domestic animals is controlled in accordance with the annual order issued by the Ministry of Agriculture. Serological blood examination of all male breeding animals is mandatory twice per year, and all cases of abortion must be reported and tested for brucellosis. On large cattle and pig farms, 20% of breeding animals must be tested annually. Castration of seropositive rams without the obligation of bacteriological testing is required as an eradication measure for B. ovis infection.
Bovine brucellosis (B. abortus) was eradicated in Croatia in 1964, while brucellosis in sheep and goats has occurred sporadically in the recent years, limited to 1-2 sheep flocks per year. All of the occurrences have resulted from epizooty originating in the neighboring country of Bosnia and Herzegovina (BH) (5, 6) . Swine brucellosis has been detected in swine and wild boars during regular controls (7, 8) and B. suis isolates were determined as biovars (bv.) 1, 2, or 3 (7-11).
B. ovis in rams and sheep causes either clinical or subclinical disease and is not pathogenic for humans (12). According to simulation models, B. ovis infection causes significant economic losses in flocks with no control measures, but there is no exact confirmation of the extent of such losses (13, 14) . Eradication is possible, but requires considerable resources.
The aim of this study was to determine the effectiveness of the existing programs for diagnosis and control of brucellosis in domestic animals in order to prevent transmission of disease to humans and to reduce economic losses in animal production. This article describes the spread of brucellosis caused by B. melitensis, B. suis, and B. ovis in cattle, sheep, goats, and swine in the Republic of Croatia in 2008, as determined using different diagnostic methods. (3) . The ELISA kit Ingezim Brucella Porcina (Ingenasa, Madrid, Spain) was used to confirm B. suis infection in swine. Test results were interpreted according to manufacturer's recommendations. All animals from flocks where positive reactors were found and animals that were introduced into flocks for the first time were subjected to confirmatory tests (CFT, immunosorbent assays). The CFT with B. ovis antigen (Veterinary Laboratories Agency, Waybridge, UK) was used for detection of B. ovis infection. Sera giving a titer of 50 ICFU/mL or more were considered positive (12).
MeThoDS

Serology
Bacteriological examination
Tissue and lymph node samples were taken from 3 cows and 8 goats and sheep from Karlovac and Split-Dalmatia counties (2 flocks), in which brucellosis had been serologically confirmed. Tissue samples were taken from 23 pigs serologically positive for brucellosis from Osijek-Baranja (9 pigs, 1 flock), Sisak-Moslavina (12 pigs, 2 flocks), and Križevci-Koprivnica Counties (2 pigs, 1 flock). The material for bacteriological tests was not taken from all animals that were serologically positive, but only from a few animals from each flock. As a measure to eradicate B. ovis infection, castration of rams was required without the obligation of bacteriological testing. Examined samples from each animal included the reproductive organs (testes, uterus), lymph nodes (supramammary, inguinal, mandibular, mesenterial), liver, and spleen. In total, 214 samples were bacteriologically tested. Several grams of tissue (testis, uterus, or lymph node) were homogenized and inoculated on blood agar, Brucella agar (Brucella medium base, Oxoid CM0169, Oxoid Ltd, Basingstoke, UK), and Farrell's selective growth medium (15) . Inoculated plates were incubated at 37°C in normal atmospheric conditions and with the addition of 10% CO 2 . Colony growth was checked daily and was usually observed after 2-4 days. Colonies were identified based on morphology (small, translucent, con- vex, smooth), ability to grow in a 10% CO 2 atmosphere, H 2 S production, and growth on media supplemented with 20 μg/mL of thionin and basic fuchsine (13-16).
Molecular identification
After Brucella sp. was isolated bacteriologically, further analysis of isolates was conducted by polymerase chain reaction (PCR). In total, 20 isolates from cattle, sheep, and swine were analyzed ( Table 2 ). Biovar isolates identified as B. melitensis after molecular testing were agglutinated using the monospecific anti-Brucella A, M, and R serums (Veterinary Laboratories Agency, Newcastle upon Tyne, UK).
Genomic DNa isolation
Bacterial cultures (1-3 colonies) were suspended in 50 μL of water (Molecular Biology Reagent, W4502, Sigma, Mannheim, Germany), heated to 99°C for 20 minutes, and centrifuged at 14 000 g for 1 minute. Supernatant was used as DNA template for PCR reactions.
Molecular typing of Brucella species by multiplex PCR (Bruce-ladder)
Multiplex PCR (Bruce-ladder), modified from Garcia-Yoldi et al (17) , was used for the identification and differentiation of Brucella species. The assay was carried out in a 20-µL reaction mixture containing 10 μL of QIAGEN Multiplex PCR Master Mix (Qiagen, Hilden, Germany), 5 μL of RNaseFree Water (Qiagen), 0. Amplification products were separated on 2% agarose gels and stained with ethidium bromide. Visualization was conducted using a UV transilluminator and a BioCapt Document System camera (Vilbert Lourmat, Marne La Vallee, France).
ReSulTS
Serological results
Three cows and 370 goats and sheep from 3 neighboring flocks in the Karlovac County had positive reaction on ELISA and CFT. Some cattle and sheep with positive reaction were from the same flock. In a single flock from SplitDalmatia County, 3 sheep blood samples showed a posi- tive reaction on CFT. In 178 swine blood samples from 4 flocks in 3 counties, positive reactions were detected with RBT and ELISA. Positive reactions for B. ovis infection were detected in 202 ram serum samples from 12 counties (Table 1) .
Results of the bacteriological examination
Samples from 34 animals that were serologically positive on brucellosis were bacteriologically examined. Brucella sp. was confirmed in 3 cows (sample KC 1-3), 8 sheep (sample KS1-5, SS1-3), and 9 swine (samples S1-4, OS1-5). Bacterial colonies became visible after 2-4 days and all isolated strains grew without added CO 2 .
Results of molecular identification
Isolates from cattle (sample KC1-3) and sheep (samples KS1-5, SS1-3) were typed as B. melitensis. All isolates of B. melitensis were agglutinated with the monospecific antiBrucella A and M serums, which is characteristic for B. melitensis bv. 3. The amplification of swine isolates (samples S1-4, OS1-5) by Bruce-ladder gave a positive result for B. suis bv. 1-5 ( Figure 1 ).
The INgene Bruce-ladder Suis showed that all swine strains (samples S1-4, OS1-5) belonged to B. suis bv. 2 ( Figure 2 ).
DISCuSSIoN
Our results showed that brucellosis had low prevalence among cattle, sheep, and swine in Croatia in 2008, demonstrating that the existing brucellosis control program provides permanent disease control of some species of domestic animals.
There were 370 positive reactions in sheep and goats in 4 flocks in 2 Croatian counties. Due to the epizootiologic connection of brucellosis in cattle, sheep, and goats in 3 flocks in Karlovac County, it is probable that they share the same origin of infection. Following euthanasia of the infected animals, infection with B. melitensis bv. 3 was bacteriologically confirmed. Preferred animal reservoirs for B. melitensis are sheep and goats, but cases of infection in cattle have also been described. B. melitensis can be transmitted by cow's milk and can cause a serious public health problem (1). Infection was diagnosed in owners of the flocks, their family members, and 2 veterinarians in the Karlovac County (personal communication with the local veterinary authorities). It is probable that the source of infection in flock owners and family members were milk and cheese from the infected cows, and that the veterinarians were infected during veterinary intervention in the treatment of postpartal complications in cows. The sheep on these farms were semi-extensively kept for the production of lambs, so the contact between sheep and cattle was possible only during the winter and the owners did not consume sheep's milk. Therefore, it is not likely that sheep were the source of infection in humans. This has been the first record of B. melitensis infection in cattle in Croatia since 1964, when bovine brucellosis (B. abortus) was eradicated. In uninfected swine flocks, infection occurs following the introduction of infected animals. Another potential route of transmission in swine kept at pasture is through direct and indirect contact with infected wild boars (7, 8 (7, 9, 21, 22) . In Croatia, there is a long tradition of livestock keeping and many people come to contact with potentially infected pigs. However, B. suis infection in humans has never been reported. B. suis bv. 2 is a non-zoonotic agent and in Croatia isolates of bv. 3 (based on biochemical characteristics) and of bv.1 (based on molecular characteristics) from swine, wild boar, and horse have never been reported as causes of human brucellosis (7) (8) (9) (10) (11) . According to these findings, we believe that Croatian isolates of B. suis have no zoonotic potential.
Ram epididymitis is caused by a non-zoonotic agent and is spread worldwide (12). In sheep flocks in Croatia, the disease was first confirmed in 2002 and again in 2003 (23) . The disease eradication program in sheep flocks was based on slaughtering or castration of positive serological reactors (rams). In addition, owners were recommended to keep young and old rams separate and to test them before introduction to breeding. These measures related only to rams are not sufficient to eradicate the disease, because infected ewes also play an important role in the transmission of the disease by excreting B. ovis in vaginal discharges and milk (12). During 2008, 202 seropositive rams were found in 12 counties. In addition to control of rams, sheep should also be included in the disease control program from the earliest stages (12,13). However, under this program, complete eradication of the disease in some areas was not accomplished.
The current brucellosis control program in Croatia allows rapid detection of the disease and in 2008 the size of the brucellosis-affected area in Croatia was small. The most important measures for prevention of the B. melitensis infection in sheep and cattle would be to educate farmers on the characteristics of the disease and control measures, to prevent the uncontrolled circulation of the animals, and adapt the programs for disease eradication to each particular situation. This is the first time that infection with B. melitensis in cattle was confirmed in Croatia and links for possible human infection were detected. Croatia has active surveillance programs and infrastructure for rapid and reliable diagnosis. Therefore, with an appropriate political support, it could continue to effectively control brucellosis in domestic animals. Complete eradication of brucellosis is also influenced by factors such as extensive farming, uncontrolled movement of flocks, contact with wildlife, and the ability of farmers and the government to apply measures of eradication.
